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Re: Toxic Substances Control Act- Section Se @@1 7@
Dear Sir or Madam: l

The Ethylene Ox1de/Ethylene Glycols Panel (Panel) of the American Chemistry Council, on
behalf of its member companies', submits this information to inform EPA of two revised draft reports of
epidemiology studies related to ethylene oxide (EO)* conducted by the National Institute of Occupational
Safety and Health (NIOSH). This letter supplements our letter of May 28, 2002 (attached). The Panel
received these revised, draft reports as part of an ongoing peer review of the studies. The Panel
understands that NIOSH has submitted these studies for consideration of publication in the near future.

The Panel has not reached a determination whether the material submitted reasonably supports
the conclusion that a substantial risk of injury to health or the environment is presented. This letter and
the attached revised studies are being submitted in accordance with TSCA Section 8¢ for your review.

! The members of the Panel are: Abbott Laboratories, Arc Chemical (Balchem), BASF Corporation, Bayer
Corporation, Celanese Chemicals on behalf of itself and Old World Industries, The Dow Chemical
Company, Eastman Chemical Company, Equistar Chemicals LP, Huntsman Corporation, Honeywell, Sasol
North America Inc, Shell Chemical LP, and Sunoco, Inc. The Panel is the successor organization to the
Ethylene Oxide Industry Council (EOIC) of the American Chemistry Council.

2 The CAS Number for Ethylene Oxide is 75-21-8
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The following studies are being submitted:

1. Mortality analysis in a cohort of 18,235 ethylene-oxide exposed workers: follow up
extended from 1987 to 1998 by Steenland K, Stayner L and Deddens J.

2. Ethylene oxide and breast cancer incidence in a cohort study of 7576 women by
Steenland K, Whelan E, Deddens J, Stayner L and Ward E.

If you have any questions, please call Bill Gulledge, Manager of the EOIC at (703) 741-5613, or
e-mail him at william_gulledge@americanchemistry.com.

Sincerely yours,

Barbara J. Francis
Managing Director, CHEMSTAR

Attachments: Mortality analysis in a cohort of 18,235 ethylene-oxide exposed workers: follow up
extended from 1987 to 1998 by Steenland K, Stayner L. and Deddens J.; Ethylene oxide and
breast cancer incidence in a cohort study of 7576 women by Steenland K, Whelan E, Deddens J ,

Stayner L and Ward E.; Letter from Barbara J. Francis to Document Control Officer dated May
28, 2002.
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May 28, 2002

Via: Messenger Delivery

Documert Control Officer (MC-7404)
Office of Pollution Prevention and Toxics
Room 6428 '
U.S. Environmental Protection Agency
Ariel Rios Building D

1200 Pennsylvania Avenue, NW .
Washington, DC 20460-0001

Re: Toxic Substances Cor_ltrol Act- Section 8e

- Dear Sir or Madam: -

. . ) .
American & o
Chemistry
COU nCII Good Chemistry

Makes It Possible

its member companies’, submits this information to inform EPA of two draft reports of epidemiology
studies related to ethylene oxide (EO)? conducted by the National Institute of Occupational Safety and
Health (NIOSH). The EOIC received these draft reports as part of an on-going peer review of the studies.
‘The EOIC understands that NIOSH, after receiving comments from the peer review, intends to publish

these studies in the near firture,

The EOIC has not reached a determination whether the material submitted reasonably supports

 the conclusion that a substantial risk of injury to health or the environment is presented. This letter and

the attached studies are being submitted in accordance with TSCA Section 8e for your review.

The following studies are being submitted:

1. Mortalityvanalysis ina coho.rt_'of 18,235 e'thylene-oxide. exposed workers: follow up

extended from 1987 to 1998 by Steenland K, Stayner L and Deddens J.

!'The following companies are members of the EQIC: Abbott Laboratories, Arc Chemical, BASF Co’
Bayer Corporation, Celanese Chemicals on behalf of itself and Old World Industries, The I
Company, Eastman Chemical Company, Equistar Chemicals LP, Huntsman Corporation,
North America, Shell Chemical LP, and Sunoco, Inc. :

-2 The CAS Number for Ethylene Oxide is 75-21.-
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- 2. Ethylene oxide and breast cancer incidence in a cohort study of 7576 women by
Steenland K, Whelan E, Deddens J, Stayner L. and Ward E. o

If you have any questions, please call Bill Gulledge, Manager of the EQOIC at (703) 741-5613, or
e-mail him at william, _gulledge@americanchemistry.com,

Sincerely yours, |

PBarbaia Sonecs

Barbara J. Francis
Managing Director, CHEMSTAR
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Abstract

Background: Ethylene oxide (ETO) is a sterilant gas considered to be a human carcinogen, due
primarily to excess hematopoetic cancer in exposed cohorts. ETO causes mammary fumors in
mice, and has been associated with breast cancer incidence in one small epidemiologic study.
Methods: We have studied breast cancer incidence in a cohort of 7,576 women employed for at
least one year and exposed while working in commercial sterilization facilities. Breast cancer
incidence (n=319) was ascertained vié interview, death certificates, cancer registries, and medical
records. Interviews were obtained for 68% of the cohort.

Results: The standardized incidence ratio (SIR) for incident breast cancer in the whole cohort
using external referent rates (SEER) was 0.87 (0.77-0.97), increasing 0.93 (0.83-1.04) after
excluding in-situ cases (6% of cases). The rate ratio for those in the top quinile of cumulative
exposure, with a 15 vear lag, was 1.27 (0.94-1.69), or 1.34 (0.95-1.83) excluding in-situ cases. A
positive trend in SIRs was seen with cumulative exposure with a 15-year lag (p=0.002). Breast
cancer incidence in the whole cohort was under-ascertained due to incomplete response and lack
of complete coverage by state cancer registries. In intemal nested case-contro} analyses, a
positive exposure-response was found with the log of cumulative exposure with a 15-year lag
(p=0.05); the top quintile had an odds ratio of 1.74 (1.16-2.65). Analyses restricted to those with
interviews controlling for parity and family history again found a positive exposure-response
with the log of cumulative exposmr;z (7=.03).

Conclusions: Our data suggest that ETO is associated with breast cancer, but the case is not

conclusive due to inconsistencies in exposure-response trends and possible biases due to non-

response and incoroplete cancer ascertainoient.
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Intrbduction

Ethylene oxide (ETO) is widely used as a sterilant gas and an indqsu'iai chemical.

NIOSH has estimated that approximately 270,000 people were exposed in the US in the 1980s,
principally in hospitals (96,000) and commercial sterilization (21,000)' BTOis a direct-
alkylating agent which causes increased chromosomal aberrations and sister-chromatid exchange
2 Inhaled ETO is quickly absorbed in the lungs and distributed rapidly throughout all tissues; it
forms dose-related hemoglobin adduc;ts in people and rodents, and dose-related DNA adducts in
rodents’. The International Agency for Research on Cancer (JARC) has determined that ETO is a
definite (Group 1) human carcinogen, bused on limited evidence from epidemiologic studies
sh§wing increased hematopoietic and supported by positive human cytogenetic evidence, and on
sufficient evidence from animal studies for hematopoietic and other cancers’.

Besides hematopoetic cancer, more recently there has been concern that ETO might also
be linked to breast cancer, based on limited evidence. Norman et al.> found a statistically
significant two-fold increase in breast cancer incidence based on 12 observed cases among
women exposed at a commercial sterilization plant. A cluster of breast cancers was observed
among Hungarian hospital workers exposed to ETO®. Furthermors, animal data indicated that
ETO caused mammary tumors in mice’, although not in rats. However, two other small
incidence studies (together based on fewer than 10 cases) did not show an excess of breast cancer
56 Two mortality studies, one small® (4 broast cancer deaths) and one Jarge" (a NIOSH smdy
of 10,000 women, 42 breast cancer deaths) also failed to show an excess. Because breast cancer
mortality is a less is a less sensitive cndpbint than breast cancer incidence, we have conducted a

breast cancer incidence study of 7,576 women from the NIOSH cohort employed for at least one

P.B3/25
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year, to investigate further the possibility that ETO is associated with breast cancer.

Methods

We sought cancer incidence information for 7,576 women states (76% of the entire
cohort) from the NIOSH cohort who had worked for at least one year at one of 14 different
plants, located in eleven. The resiriction to those with at least one year employment was
motivated by cost considerations and ﬁe greater difficulty of locating women with short term
employment.

We sent a written questionnaire to all women, or their next-of-kin (18% of the cohort had
died), for whom we could find valid addresses. After two mailings and a reminder postcard, we
called non-respondents, at varying times a day and days of the week. When possible, the
interview was then conducted by phone. Addresses and telephone numbers were identified using
a variety of strategies including the Internal Revenue Service, the U.S. Postal Service, motor
vehicle registration, credit bureaus, and telephone number look-up services. The interview asked
about ethnicity, education, height, weight (currently and at age 20), longest job, menstrual and
reproductive history (including number and dates of pregnancies, and pregnancy outcomes), use
of hormones, smoking history, alcohol history, diet, and cancer history (with exira detail on
breast cancer).

Breast cancer asccrtainmen:i w4s also conducted via death certificates and cancer
registries. Cancer registries were available in nine of the eleven states in which plants were
located, but often for limited pexiods of time (Texas 1992, 1995-1997, Georgia 1975-1998 for

Atlanta area, 1995-1998 for entire state, Kentucky 1991-1998, Maryland 1992, 1998, Florida
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1981-1998, New Jersey 1979-1998, Connecticut 1935-1998, South Carolina 1996-1998, New
York 1976-1998). We matched women who had worked in a given state or contiguous state
against cancer registries for that state; for Florida we sent the entire qohort under the assumption
that women from any state may have retired there.

Medical record confirmation was sought for all reported cancers reported on interview.
We also sought medical records for all decedents who died of cancer.

Mortality follow-up was exteﬁ’ded beyond the previous 12/31/1987 until 12/31/1998, via
Social Security, the Internal Revenue Service, and the National Death Index { NDI). Causes of
death were obtained from NDI Vital status for deaths prior to the existence of NDI (prior to
1979) were identified by Social Security and Internal Revenue Service records, and causes of
death were obtained via death certificates obtained from states.

Follow-up for breast cancer incidence was likewise terminated as of 12/31/1998. Dates
of diagnosis were obtained from self-report, medical record, cancer registry, or nexi-of-kin. In
case of multiple dates the earliest and/or the date considered most valid was used. For decedents
for whorp no other source was available, date of death was used as date of diagnosis. If a women
or her next-of-kin reported breast cancer but this report was specifically contradicted by medical
record or cancer registry data, this woman was not included in the analysis as a case (n=6). Ifa
women or their next-of-kin did not_report breast cancer on interview but breast cancer was found

in the medical record or cancer registry record, then these women were included as a case (n=25).

Estimated exposures over time for this cohort had been developed previously, based om a

large number of measurements coupled with data on historical process changes®. Exposure
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estimates covered all years during which employees were exposed, and were detived from a
model which explained 85% of the variance of the observed sampling data. One small plant in
the study (19 women with more than 1 year employment, 0.3% of the cohort) lacked exposure
estimates, and was excluded from exposure-response analyses.

Work history data had been gathered originally in the mid-1980s. Some plants in the
study continued using ETO afier this point, and for them we gathered additional information on
the date-last-emploved for those who ﬁad been employed at the time work history was collected
(25% of the cohort). Work history for these women was extended until the date-last-employed
at the plant in question; it was assumed that they did not change jobs and that the level of ETO
exposure remained the same as in their last job in the mid-1980s. Cumulative exposure
calculated with and without the extended work histories differed little bécause exposures were
very low by the mid-1980s.

Breast cancer incidence was analyzed in the entire cohort (n=7,576), as well as for the
subset of subjects with interview data (5,139, 68%). In the latter analyses we were able to adjust
for potential confounders, i.e, other variables associated with breast cancer. Ascertainment of
breast cancer in the entire cohort was known to be incomplete, because some women did not
have interviews and did not live in states with cancer registries, although it was not possible to
estimate the degree of under-ascertainment, Breast cancer ascertainment in the sub-cohort with
interviews was considered complct:a. ’

Life-table analyses of the entire cohort were done using the NEOSH Life Table Analysis

system'? (www.cdc.gov/iosh/ltdoc.html), using referent rates developed from SEER

(Surveillance, Epidemiology, and End Results) data for the period 1970-1999, for invasive

P.Be 25



AUG-B5-2082 11:24 ACC CHEMSTAR 793 741 6891 P.av-25

female breast cancer (ICD 9™ revision code 174) and in-situ breast cancer (ICD o% revision code
233.0). The SEER data represent approximately 10% of the US population.

Analyses using SEER referent rates produced SIRs (standardized incidence ratios) by
categories of the cumulative exposure (ETO ppm-days), stratified by age (5 year categories),
calendar time (5 year categories), and race/cthnicity (white and nonwhite). Followup time began
in 1970 when the SEER rates begin, or one year after first employment, or at the date of first
exposure plus 90 days (a requirement for cohort entry in the original study), whichever was later.
Followup continued until date of death (or diagnosis, for breast cancer cases), end-of-study |
(12/31/1998), or date-last-observed for those lost-to-followup, whichever was earliest.

Categorical analyses by cumulative exposute (ETO ppm-days) using data from the life
table anatyses were done by quintiles, based on the cases’ cumulative exposure. Analyses with a
15 year lag were also conducted; a 15 year lag was chosen based on having the best fif to the data
in Cox regression analyses (see below). A 15 year lag discounts ail exposure occring with the
last 15 years, and in some instances results in a case having no exposure (“lagged out”).
Quintiles in Iagged apalyses were formed based on the cumulative exposure of all cases not
"tagged out”.

Trend tests for trends in SIRs with cwmulative exposure (in which the lowest exposed
group was the referent) via Poisson regression (SAS GENMOD"). For analyses using the log of
cumulative exposure with a lag, a éumﬁlative exposure of 1 ppga-day was added to everyone’s
cumulative exposure to avoid taking the logarithm of 0.

Breast cancer-in-situ was reported for 6% of the cases (20/319). In sitn and invasive

cancer cases were analyzed separately when using external referent rates (SEER rates), and
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results then combined. In situ cases were likewise included in internal Cox regression analysis.
Results of analyses did not differ greatly with the inclusion or exclusion of in-situ cases.

Internal exposure-response analyses using a nested case-control design were conducted
using Cox regression procedure for the entire cohort and for the sub-cohort with interviews.
Analyses were done using the SAS PHREG procedure''. Tn these analyses the time variable was
age (effectively matching on age), and risk sets were constructed in which 100 randomly selected
controls were chosen for ¢ach case frdm the pool of all those who survived without breast ¢ancer
to at least the age of the index case; 100 conirols has been shown to be sufficient to obtain a good
approximation of the rate ratio obtained using all possible controls (the full risk set), with

approximately the same precision"

. Cases and controls were matched on race (white/non-
white). Exposure in these analyses was truncated if it extended beyond the age of the case
failure.

For the analysis of the sub-cohort with interviews, variables of interest from the interview
were those thought a prioti to be associated with breast cancer and hence to be possible
confounders, including body mass index, breast cancer in a first-degree relative, parity,
menopausal status, age at menopause, age at menarche, socioeconomic status, and diet.

Exposure-response analyses in Cox regression focused on cumulative exposure or the log
of cumulative exposure, with or without a lag for exposure. The log of cumulative exposure
tends to reduce the influence of vexiy high exposures in. skewed'exposure distributions, and
sometimes improves fit over untransformed cumulative exposure. We also tried models using
peak exposure (highest one time exposure) or average exposure (cumulative exposure divided by

duration of exposure).
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To investigate further the shape of the exposure-response curve, we conducted a restricted
cubic-spline analysis with 6 knots. This analysis fitted a cubic exposure-response curve between

knots, while fitting a linear model before and after the first and last knots".

Results

Completed interviews were obtained for 5,139 (68%) of the 7,576 women in the cohort.

The principal reason for no interview .was inability to locate the respondent (22%), rather than

refusal (7%), or failure to respond after repeated attempts (3%). Reasons for not locating women
or their next-of-kin included a lack of good addresses for tracing next-of-kin of deceased
subjects (we had no SSNs, the best identifier, for next-of-kin), and the lack of recent or valid
addresses for live subjects provided from IRS or credit bureaus (ofien several years out of date).

Qf the entire cohort, 1327 (18%) had died. Interviews were available (from next-of-kin)
for 55% of decedents, compared to 71% among the living. Non-respondents had a median year
of birth of 1937, and had a median cumulative dose to ETO of 8.0 ppm-years; the corresponding
figures for respondents were 1938 and 8.6 ppm-years. While the level of non-response (32%} is
of coneern, we attempted to determine breast cancer incidence for the entite cohort via sources
other than the interview, and a number of analyses were based on the entire cohort. Furthermore,
results for the entire cobort (withouF data on breast cancer risk factors) were similar to the results
for the sub-cohort with imterviews (thi1 covariate data).

There were 319 incident breast cancers identified amoug the cohort through the end of
1998, who were eligible for the study (diagnosed after one year after first employment and 90

days exposure). Table 1 provides information regarding the source of these 319 cases. Thirty-
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nine percent ( 124]319) of these cases had died by the end of 1998. Six percent were carcinoma-
in-situ cases (n=20). Seventy-three percent (n=233) had interview data.

Table 2 provides some descriptive information on cases and non-cases from among those
who had interview data. Cases were older, had fewer children, and were more likely to bave had
a first degree relative with breast cancer.

Table 3 provides the results of the life table analysis of breast cancer incidence for the
whole cohort. Overall the cohort bad a standardized incidence ratio (SIR) of 0.87 (0.94 when in-
situ cases were excluded. However, the true number of breast cancers was under-ascerttained,
so that the SIR based on external SEER comparison rates is underestimated. Regarding
exposure-response trends, for the data with a 15 year lag there is a positive trend of higher SIRs
ratios with higher cumulative exposure (p= 0.002 for cumulative exposure, p=0.05 using the log
of cumuiative exposure). For the unlagged data, the trend with cumulative exposure was less
marked (p=0.16 for cumulative exposure, p=0.08 using the log of exposure).

© Cox regression results for using all cases (319 cases, including 20 in-situ cases) are
shown in Table 4 (adjusted only for year of birth and age). Results of categorical analyses are
similar to the Poisson analyses of Table 3, as expected. In categorical analyses using a 15-year
lag, the top quintile had an odds ratio of 1.74 (95% CI 1.16-2.65 ). The best fitting model with
exposure as a continuous variable was one using the log of cumulative exposure, lagged 15 years
(p=0.05). However, 2 modcl‘ using- duration of exposure with a 15 year lag) fit slightly better
than the model using cumulative exposurs to ETO. Duration of exposure and curoulative

exposure are correlated (Spearman correlation coefficient 0.36). Models using peak or average

exposure did not fit as well and are not shown.

10

P.16-25
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Cox regression results for those with interviews (n=5,139, 233 cases) are shown in Table
5. These models are adjusted for nulliparity (any children versus none, odds ratio 0.79, 95% CI
0.55-1.13), breast cancer in a first degree relative (odds ratio 1.60, 95% CI 1,13-2.28), and year
of birth (quartiles, earliest quartile as referent, rate ratios 1.00, 1.10 (95% C10.71-1.69), 1.55
(95% C10.94-2.54), 1.83 (95% C10.98-3.41)). Other variables tested did not predict the
outcome nor did they act as confounders and they were not included in final models. The results
in Table 5 are concordant with Table 4, although exposure response coefficients were slightly
higher and the models using the log of cumulative exposure (lagged 15 years) and uniransformed
cumulative exposure (lagged 15 years) fit about equally well. Duration of exposure (with a 15
year lag) again fit slightly better than cumulative exposure to ETO in 2 model using continuous
variables.

Of the 233 cases with interviews, menopausal status was unknown or missing for 38, was
pre-menopausal for 28, and was post-menopausal for 167. Using a model with log cumulative
exposure (15 year lag), year of birth, breast cancer in first degree relatives, and parity, the
exposure-response coefficient was 0.051 (s.e. 0.024, p=0.04) for post-menopausal women, and
0.036 (s.e. 0.041, p=0.34) for pre-menopausal women We also tried a model adding a variable
for age at menopause in the analysis of post-menopausal women, but this variable was not a
significant predictor and was oznittgd.

The Figure shows the cxpos:uré-response cutve for the full cohort (n=7576, 319 cases)
using different models, as well as the categorical results.

While biological considerations do not generally favor the possibility of thresholds for

carcinogens (exposure levels below which there is no risk), categorical analyses suggested that

11
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excess Hsk might be limited to only those in the top one or two quintiles of exposure. We
therefore tested a threshold model, in which we assumed 1o increased risk for different intervals,
followed by increased risk baséd on the model using the log of cumulative exposure (15 year
1ag). The best fit occurred for a models with a threshold of 6.2 log ppm-days (15 year lag),
suggesting that there was no risk for under approximately 1.3 years of exposure at the cruTent
standard of 1ppm (assuming a period of 15 years after first exposure before risk occurs). This
threshold model fit only slightly better (improvement in model likelihcod 1.9) than the non-
threshold model with log of cumulative exposure (15 year lag), and this improvement was not
statistically significant at the 0.05 level.

The dip in the spline curve in the region of higher exposures suggested an inconsistent or
non-monotonic risk with increasing exposure. Further categorical analyses using deciles of
curnulative exposure (with a 15 year lag) rather than quintiles revgaled that the 8 decile had no
excess risk (odds ratios by decile versus those lagged out, 0.88, 1.35, 1.00, 1.00, 1.33, 1.22, 1.40,
1.03, 1.68, 1.82). Such inconsistency could be due to random variation when calculating odds
ratios based on smaller numbers, or al true limitation of excess risk to the uppermost two deciles
(above 4900 ppm/days (13 ppm-years).

There were at least two possible biases which might have biased our results towards
higher breast cancer rates among the more highly exposed. First, women with longer cumulative
exposure tend to be those who woriccd’ longer (Spearman correlation, 0.36), and workers with
longer employment may have had more screening via mammography because they had good
medicat surveillance and insurance coverage (altbough women who left employment with a

study company may well have found other employment elsewhere with eqﬁally good medical

12
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ben'eﬁts). We had sotne limited data on mammography for live respondents. Afier excluding
women with breast tumors lumps, or ¢ysts, who would have had more mammograms subsequent
to such problems, and after controlling for age, we did not find a strong association between
cumnulative exposure (in quintiles) and number of mammograms (0, 1-3, 6-10, 10+) via
contiﬂgency table analysis (p=0.25). Furthermore the Spearman correlation coefficient between
conmulative dose and number of mammograms {categories scored 0,1,2.3) was low, only 0.08.
However, controlling for year of birth, wornen in the highést exposures category did have
borderline significantly more mammograms (scoted 0, 1, 2, 3) than those with lower exposures
(p=0.06), using linear regression. The differences were not pronounced (eg., 39% of women in
the highest exposure quintile had more than 5 mammograms, vs 30% of women in the low
exposure quintile), and the R-square for this model was only 0.02. Restriction of the data to those
with at least 5 years after exposure, when this possible bias might be expected to dimirish, did
not result in decreased exposure-response trends. All in all, there was no strong evidence (based
on limited data) that this bias was important.

A second possible bias was the preferential ascertainment of breast cancer among womesn
with stable residence in states with cancer registries; women with stable residency might be
expected to have longer duration of employment in companies under study, and hence greater
cumulative exposure. Unfortunate}y, we did not have residential history, limiting our ability to
explore this possibility. We did, hc;wéver, compaxe the cumulative exposure of womén whose
cancers was ascertained via cancer registry (n=182) and women whose cancer was ascertained
only via other records (p=137). Cumulative exposure was greater in the cases ascertained via

cancer registry, but this difference was not statistically significant (p=0.13). Again, we did not

13
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consider this to be sirong evidence, based on limited data, for this potential bias.

Discussion

Our data do not indicate any overall excess of breast cancer incidence among the cohort
as a whole compared to the U.8. population. However, cancer incidence was under-ascertained
because of inability to locate some cohort members and becanse of incomplete coverage of the
cohort by state cancer registries. We were able to contact only 68% of our cohort directly, and
only about 50% of the cohort worked in states with cancer registries covering many years. [t is
not possible 1o accurately estimate the degree of under-ascertainment. Even with the under-
ascertainment, however, we did find that the upper quintile of cumulative exposure, with a 15
year lag, had a 27% increase in breast cancer incidence compared to the SEER. nonexposed
population (34% after excluding in-situ cases).

Because of the issiie of under-ascertainment, we have emphasized internal exposure-
response analyses in our study rather than the use of external referent population. Exposure-
response data do suggest an increased risk of incident breast cancer for those with higher
cumulative exposures to ETO, This is especially apparent for exposures occurring 15 or more
vears before breast cancer occuirence.

Those in the top quintile of cumulative exposure, with 2 15 year lag, showed an odds ratio
of 1.74 (95% CI 1.16-2.65) in inter;:lal 'analyses based on all 319 cases compared with the lagged
out group. The odds ratio was 1.87 (95% CI 1.12-3.10) in a similar analysis based on 233 cases
with interview data, which controlled for parity and breast cancer in first degree relatives. Less

excess risk for the upper quintile was seen without the lag. However, use of a lag is consistent

14
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with a necessary latency period for solid tumors. The best fitting models for the exposure-
response trend used a lag of 15 years and a log transformation of cumulative exposure, and
showed statistically significant positive trends, The log transformation iraplies that rate ratios
tend to flatten out or plateau at very high exposures, rather than increasing in a linear fashion.
This phenomenon has been seen in other occupational carcinogens such as dioxin, gilica, and
diesel fimes'+'¢, and has been discussed in detail in relation to arsenic'’.

There are two factors which teﬁd to weaken the case for a causal relationship suggested
by the positive exposure-response findings. One is that similar effects were seen using duration
of exposure rather than cumulative exposure. This raises the possibility that some other factor
related to duration of exposure could be associated with increased breast cancer risk, rather than
cumulative exposure to ETO. Duration and cumulative exposure are moderately correlated
(Spearman correlation coefficient 0.36), but not so strongly that an effect might not be seen for
one variable and not the other. Secondly, the increase in risk does not appear to increase
consistently {monotonically) with increasing cumulative exposure, but instead appears largely
confined to those in the upper quintile of cumulative exposure.

On the other hand, there are counter-srguments to these weaknesses. Since duration of
exposure is one component of cumulative exposure, the two are necessarily correlated, anditis
not unexpected for exposure-response trends to exisf for both measures. . There are many
uncertainties in estimating past ex;;osrfres based on limited actgal measurements. We did not
have measured exposure levels for each person in our study, but instead estimated exposure
levels over time based on existing measurement for different job categories. The method

undoubtably led to errors in estimating exposure for individuals. Errots in estimating exposure
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can lead to similar imprecision in estimating exposure-response trends. However, imperfect
exposure estimation is typical of most retrospective epidemiologic studies. The exposure
estimation for this cohort was based on a relatively large number of existing samples and is
probably one of the better exaruples in the literature of retrospective exposure assessment. Our
model predictions out-performed the best guesses of a panel of industrial hygienists assembled to
evaluate our exposure prediction model’.

Regarding the inconsistency of the exposure-response trend, it is not uncommon for such
trends to exhibit fluctuations, some of which may be dus to random variation, others of which
might occur due to imprecision in estimating exposure.

In sumrary, our data do suggest that ETO is associated with breast cancer, but the case is
not conclusive. Besides inconsistencies in the data for exposure-response, there are possible
biases due to patterns of non-response and cancer ascertaimment which introduce additional

uncertainties in the findings.

16
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Table 1. Source of breast cancer cases (n=319)

Sowee (more than one source Number of cases identified

per case possible) by source (percent)
Death certificates 95 (30%)

Cancer registries 182 (57%)
Medical record* 144 (45%)
Interview (live)** 147 (46%)
Tnterview (dead)** 60 (19%)

* 85% with histopathology confirmation in the record

** 233 breast cancer cases or their next-of-kin had interviews. Medical record or cancer registry
confirming their breast cancer was found for 189 of these (81%). Twenty-five interviews did not
indicate that the respondent or the decedent (for next of kin interviews) had breast cancer on the
interview (some next-of-kin did not answer this question), but breast cancer was found via
medical record or cancer registry data. Six other women or their next-of-kin reported breast
cancer on interview, but these reports were contradicted by medical record or cancer registry
recoyrd; these women were therefore not considered cases.

20
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Table 2. Description of cases and non-cases with interview data*

Variable Cases (n=233) Non-cases (0=4906)
% nulliparous 15.0% 11.6%

% with frst-degree relative 16.3% 10.3%

with breast cancer

% pre-menopausal at 14.4% n.a,

diagnosis

mean year of birth 1932 (s.d. 11.3) 1938 (s.d. 12.6)
mean tumber of children 2.29 (sd. 3.52) 2.36 (s.d4.3.34)
mean BMI age 20 20.8(1.6) - 21.0(1.6)

median curnulative exposure  14.0 ppm-years 8.4 ppm-years

* Based on those with complete interview data for parity and breast cancer in first degree
relatives. Somewhat fower subjects had complete data for menopausal status and BMI.

21
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Table 4, Odds ratios for breast cancer incidence by curmlative exposure to ETO (ppm-days), Cox regression analyses® of entire
cohert (n=7576, 319 cases)

exposure variable model Coefficient, (std Odds ratios

likelthood, d.f,  err), p-value

p-value**
categorical, 17.8, 8 df, n.a. 1.00 (lagged out), 1.07 (0.72-1.59), 1.00 (0.67-1.50),
camulative exposurs p=0.02 1.24 (0.35-1.90), 1.17 {0.78-1.78), 1.74 (1.16-2.65)
lagged 15 years
{quintiles)**+
categorical, 104, 7 df, n.a. 1.00, .98 (0.69-1.38), 1.07 (0.76-1.51), 1.13 (0.80-
cummulative p=0.17 1.59), 1.16 (0.82-1.65)
exposure, no lag
(quintileg)*¥*
categorical, 20.5, 8 df, n.a. 1.00, 0.98 (0.66-1.45), 1.15 (0.77-1.73), 1.37 (0.91-
detation of exposure,  p=0.009 2.04), 1.10 (0.73-1.67), 1.91 (1.22-2.15)
lagged 15 years
continuous, log 13.1,4 df, 0.037 (0.019), na.
cumulative exposure p=0.01 =0.05
lagged 15 vears
¢oNtinzEous, 11.3,4 df, 0.049 (0.034), n.a.
log curnulative p=0.02 p=0.14
exposure
continuous, 11,2, 4 df, 0.02  0.0000054 n.a.
cumulative exposure, {0.0000035),
lagged 15 years p=0.12
continuous, 9.3,44df,0.05 0.0000013 ©Ona.
cumulative exposure 0.0000030),

p=0.66

contmuoys, duration 14.5,4 4f., 0.028 (0.02), na.
exposure, lagped 15 p=0.006 p=0.02
years '
coptimaous, duration 109,44df, - 0.012(0.008}, na.
exposure p=0.03 2=0.17

* odds ratios caleulated via Cox regression, cases and controls matched on age, ethnicity (whlte/nonwlnte), all models include
cummalative exposure and categorical variable for year of birth (quartiles)

#* model likelthood is difference in -2 log likelihoods between model with and without covariates

*%* satesories for cumulative exposure are the same as Table 3
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Table 5. Odds yatios for breast cancer incidence by cumulative exposure to ETO (ppm-days), Cox regression analyses* of
cobort with interviews (1=5139, 233 cases)

exposure variable model Coefficient, (std Odds ratios by category***

likelihood, d.f,  erx), p-value

p-valuet .
categorical, 27.8, 10 df, na 1.00 (lagged out}, 1.06 (0.66-1.71), 0.99 (0.61-1.60),
cumulative exposure p=0.002 1.24 (0.76-2.00), 1.42 (0.88-2.29), 1.87 (1.12-3.10)
lagged 15 vears
{quintiles)***
categorical, 238,941, n.a. 1.00, 1.25 (0.83-1.88), 1.19 (0.78-1.83), 1.52 (1.00-
cumulative p=0.0035 2.29), 1.41 (0.92-2.16)
exposure, 1o lag
(quintiles)
categorical, 323,10 df, n.a. 1.00, 1.00(0.63-1.60), 1.18 (0.73-1.90), 1.39(0.86-
duration of exposure,  p=0.0004 2.25), 1.11{0.67-1.82), 2.32 (1.37-3.94)
lagped 15 years
continuous, log 24.0, 6 df, 0.050 {0.023), n.a.
cumulative exposure p=0.0005 p=0.03
lagged 15 years
continmous, 24.4,6df, 0.092 (0.041), na.
log curnulative p=0.0004 p=0.02
exposire
continuous, 234,64df 0.0000095 na.
enmulative exposure,  p=0.0007 (0.0000041),
lagged 13 years p=0.02
contintous, 21.6, 6 df, 0.0000059 n.a.
cumulative exposure p=0.001 (0.0060035),

p=0.10

continmoys, duration 26.1,64dL, 0.039 (0.014), na.
exposure, lagged 15 p=0.0002 p=0.006 )
years
continuots, duration 22.4,64f, 0.019 (0.010), n.a.
£XPOSUTE p=0.001 p=0.07

* pdds ratios caleulated via Cox regression, cases and controls matched on age, ethnicity (white/nonwhite), all models include
cumulative exposure and categorical variables for year of birth (quartiles), breast cancer in first degree telative, and parity

*# madel likelihood is difference in -2 log likelihoods between model with and without-covariates

we* eptegories for cumulative exposure are the same as Table 3
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Abstract _ .
Objectives: To extend mortality follow-up from 1987 to 1998 for cohort of 18,235 men and

women exposed to ethylcnc:oxide, a sterilant gas determined to be carcinogenic to humans by
TARC in 1994 subsequent to findings of excess hematopoietic cancer in several gohorts. To
investigate hematopoictic cancer mortality as well as breast cancet mortality, the latter of
inferest due to positive ammal evidence and some hmxted epidemiologic evidence.

Methods: Standard mortality follow-up, life table and Cox regression analysis,

Results: We found a total of 2852 deaths, compared with 1177 in the earlier 1987 follow-up.
We found no excess of hematopoictic cancers combined (SMR 1.00, 95% C10.82-1.20, 79
deaths} or of non~I~Iodgkin’g lymphoma (SMR 1.00;95 % C10.72-1.44, 31 deaths). However,
detailed internal exposure-résponse analyses found positive trends for hematopoietic cancers
which were limited to males (p=0.02 for log of cumulative exposure, 15 year lag). Analyses of
tymphoid tumors (non—Hodgkm s lymphoma, myeloma, lymphocytic leukemia) indicated the
hematopoietic excess was concentrated in these tumors (trerjid for cumulative exposure for both
for males with a 15 year lag, p=0.02). Hematopoiétic cancer trénds were somewhat weaker in
this analysis than trends in the earlier followup, and analyses restricted to the post-1987 data did
not show any significant positive trends. Breast cancer did not show any overall excess (SMR,
0.99, 95% I 0.72-1.35, 103 deaths), although there was an excess in the highest cumulative
exposure quartile using a 20 year lag (SMR 2.07, 95% CI 1.10-3.54). Internal exposure-
response analyses found poéitive trend for breast can:cer using the log of cumulative exposure
with a 20 year lag (p=0.01) -

Conclusions; Positive exposure—respo;se trends for lymphoid timors were found for males only.
Reasons for the sex-specificity of this effect are not known. There is also some evidence of 2

positive exposure-response ,_for breast cancer mortali ity
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Ethylene oxide (ETO) is widely used as a sterilant gas and an industrial chentical.
NIOSH has estimated that approximately 270,000 pebple were exposed in the US in the 1980s,
principally in hospitals (96,000) and commercial sterilization (21,000)". ETO is a direct-
alkylating agent which causes increased chromosomal aberrations and sister-chromatid
exchange®, Inhaled ETQ is"quickly absorbed in the lungs and distributed rapidly throughout:al]
tissues; it forms dose-related hemoglobin adducts in people and rodents, and dose-related DNA
adducts have been measured in rodents®. The Tnternational Agency for Research on Cancer
(TARC) has determined that ETO is a definite (Group 1) human carcinogen, based on limited
evidence from epidemiologib studies showing increased hematopoietic cancers which was
supported by positive human cytogenetic evidence, and on sufficient evidence from animal
studies for kematopoietic and other cancers?.

Besides hematopowtlc cancer, more recentiy there has been concern that ETO might also
be linked o breast cancer, based on limited evidence. No orman et al.* found a statistically
significant two-fold increasé in breast cancer incidence based on 12 observed cases among
women exposed at a plant d6h1g commercial sterilization of medical products. A cluster of
breast cancers was observed'; among Hungarian hospital workers exposed to ETQ*, Furthermore,
animal data indicated that EYO caused mammary tutmors in mice?, although not in rats.
However, two other small incidence studies (together based on fewer than 10 cases) did not
show an excess of breast cancer 5. Two mortality studies, one small’ (4 breast cancer deatbs)
and one large’ (42 breast caﬂcer deﬁths) also failed to show an excess.

In thc mid 1980s the National Tnstitute for Occupational Safety and Health (NIOSH)
assembled a cohort of 18 235 workers exposed to ethylene oxide®®. Results of the original
followup through 1987 showed no overall excess of hematopoietic cancer, but did find a
significant excess among men (SMR 1.55, 1.02-2.26), concentrated in non-Hodgkin’s

lymphoma®. Exposure-response analyses showed a significant positive trend with cumulative
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exposure for lymphoid cancers (non-Hodgkin's lymphoms and lymphocytic leukemia, ICD 9%
revision codes, 200, 202, ﬁ04), particularly among .inen,

We have npdated fhe vital status of this cohort from 1987 to 1998, This resulted in 2852
deaths, o 140% increasc over the 1177 doaths in the carlier followup. Analyses focused en
hematopoictic and breast cancer martality. A study of hreast caucer incidence is the subject of 1

different paper®.

Metbods

Vital status followip was condueted through 1998 via the National Death Tndex (NP,
which provided cauac ofq:cath. and via the Social Security Administration are the Tulerns]
Revenue Scrvice (IRS). P;crsnn-timc for r,anl{snlr_j vl began 80 duys after first exposure (due to 2
3 month mintmom for colort eligibility), and continued until 12/3 1/1998, date of death, or date
of lost-to-followup, whichever was garlier. Life table analyscs were conducted using the NIQSH
life-table program (Steenia.nd ot al. 1998), which provided rosults for 99 causes of death for the
years 1960-1999. Deaths ind porson-time prior to 1960 were not included in this analysis, bist
thers were only cight deaths before 1960 {0.2% of all deaths).

Exposute data over time for this cahor! had heen 'devaloped previously, based on a large
number of measuiemenis toupled with data of histrical process changes, making it possible to
quantitatively estimate cumulative exposure 1 éthylene oxide''. One srmall plant in the study
(N=703, 4% of the cohort) lacked exposure setimates, and wes exehuded from EXPOSUrE-TESPONSC
analyses. : T .

Worls history data had beon gathered ariginally in fl iuid-1980s, Some plants in the
study continucd using TTO after this poird, For lhc.)sc planis, we gathered additional information
on the date-last-emnployed for those who had been employed and exposed at the time work
history was collected (23% of the cohort), Work history for these individuals was extended
undil (e date-last-employed at the plant; it was assumed that they did net change jobs and that

4




8/5/02 11:57 PAGE 8/25 RightFAX

AUG-E5-2002 1@:1@ P. 085811

the Jevel ol BTO exposure remained the samc as in their last job in the mid 1980s. This
represented a compromise hetween an expensive and time-conswming ctfort to update all work
histories in derail, and igno;ring the meomplels histories altogether. In practice when we
compared cumulative expo:sure calculated with and withont the extended work histories, they
diftered hitle, largely becaﬁse exposures were very low by the mid-1930s, so that the largest
proportion of cumulative exposure came before thoée years'.'

Life table analyses were conducted for the entire cohort (n—18,235), using the .8,
pupulation as the referent L;mpulatim“x“. Categorical analyscs were done after categorizing the
data by quartiles of cumulative exposurs, based on distribution of cummlative exposurc for
either the deaths from either hematopoietic cancer or from breast cuucer, The goal was o have
approximately squal numi;er of deaths from the principal causes of interest {hematopoietic and
breast cancer) in cach quartilc, in uningged analyses, thereby ensuring approximately equal
pravision of rate vatios. T ife-table analyses were conducted using no lag, a 10 yém' lag for
hematapoictic cancer, or a:20 yeat tag for breast cancer, prostate cancer, and kidney cancer. A
20 year lag discounts 4l exposure cocurring with the lagt 20 years, and in some instances results
in 2 cace having no exposure (“lagged out™). These lags were chusen a prior as typicad for:
hematopoietic fumors and solid tumors, Prostate and kidney cancer analyses were conducted
based on finding stight exéesses in the overall cxposed vs, noncxpesed analyais, rather than an a
prioti hypothests; the same cutpoints were used in Eatcgorical analyses of cumulative cxposurc
as were nsud for hreas), c:aﬁct:r, anuther solid tumor.

Internal exposure-response analyses were conducted using Cox repression for
hematopoietic and breast cancer, Cox regression analyseg weré done using the SAS PHREG
procedure™, In these analyses the time vari;\lble w'\s age (effectively matching on ape), and risk
scts wore constructed in which 100 randomly selected controls were chosen tor ench case from

" the pool of all those who swrvived without broast sancer to at least the age of the index case. Use

af 100 controls has been shown to result in virtually the identical rate ratio with all possible

5
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controls (the full risk sct), with approximately the same precision", while makmg possible more
tapid computer runs. ("axeq At controls were matched on race (white/nion-white), sex, and
date-of-hirth (within § ymrb) and only exposure varighles were included in models, Matching
on date-ul-birth, in cumbmatlon with the use of age as the time variablc to form risk set, was
equivalent to matching 011 calendar ume Exposur in these analyses was time-dependent, and
was truncated if it extended boyond thc age of the case failure.

Internal analyses facused on cancers of s prior interest, i.e., all hematopoietic cancers
and breast cancer. We also analysel a ymphoid cell line tumors ac A group, under the
hypothesis that these tnmars might share 2 common etioldgy. In pravious analyses® wo had
included #s lyrophoid umore Both non-Hodpkin’s fymphoma nnd Iymphocytic leukemia (5°
revision ICD codes 200, 202, aud 204), aind we again have provided some resnlte (o (o
original grouping. Howevar, we have now also conducted analyses afler adding myeloma (ICD
code 203) to the lymphoid: group, based on curren) thinking on this issue ' (personal
communication Bermard Geldstein, Univ of Pitsh urgh, 2002 ). Another complication was that
4/25 (16%) enkemias in tﬁu exposure-response anzlyees wore classificd as “not specified™, some
of which might have been’ tymphocyuc leukemia, anlly. & scparate analysis was also done of ‘
Hodgkin's disease (ICD "01)

Exposure-reaponse analyscs focused an mmmluuve exposure or the log of cumulati ¥
exposure, with or without a lag for expasure (3, 10, 15, and 20 year lags were tricd), We added
| ppri-day to cumulative SxposuIG in laygged ana.lyscs to avoid wking the log of 0. In the results
we present anly fhs laggcd model w1thfme best it to the date, 43 judged by the likelilood ratio
lest. Wealso tried models Using peak exposure, average exposure, and durntion of exposure,
with 1o lag or different lags, Test of'signiﬂéancc for the cou(Micients of continuous exposure
vatiables {tests for trend) werc based on the hkehhuml Tatio statistic rather than the Wajgd

statiatio.
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Results ‘

Cumulative exposira av&age 26.9 ppm-years in this cohort (std. dev. 65.7), with a kighly
skewed distribution {medjan 5.6 ppm-years). Expc)éure for maleg (mean 37.8, std. dev. 87.0,
median 7.6) was higher than for temales (mean 18.2, std.dev. 58.2, median 4.6Y, largely because
of their more frequent employnent in high éxposurc Jobs such as sterilizer operator or
warchousc employce. There were 461,000 };r-.rm:m yours of follow-up; mean follow-up time from
first employment was 26,8 yeais (std dev. 3,%). Sixteen percent of the cohort died during follave-
up, which euded in 12/31/1998, Of the decedents, 1.5% (n=44) were misging cause of death,

Table 1 gives the overall mortality results for the cntirc cohort, compared to the US.
population, No cancer sate showed a signiticant excess at the 0.05 level, with the exception of
bene enncer, for which thcrc were only six deaths. Neither all bematopoietic cancer nar non-
Hodgkin’s lymphoma show any clevation, Iu sex-specific analyses, the rate ratios for mer for
all heratopoictic cancer, lr:ukmud, and non-Hodgkin's lymphoma were 1.09 {0.79-1.47), 0.97
(0.53-1.63), 2ud 1.29 (0.78-2.01) tespectively, while the corresponding rate ratios for women
were 0.90 (0.64-1.25), 1.02 (0.57 1,68}, and U-73.40.38-1.28). Brain cancer morbiliry, which of
some a priori interest due to positive animal studies, was significantly reduced in thig update,
similar to findings in our prior followup, Prostate and kidney cancer showed slight elevations
(SMR 1.29 (95% CI 0.96-1.70, 37 deaths) snd 1.19 (95% CT 0.80-1.72, 21 deaths), respectively),
motivating further life Labfe £Xposure-response analyses,

Fn\osure-response analyses were of limited value for bone cancer duc tn the siall
numiber of deaths, Life table analyses o bone cancer using the cumulative expusure calegories
for hematopoietic cancer (0 1,200, 1.200-3,080, 3,080-13, 500, 13 .500+ ppm-days) showed
SMRs of 1.47 (95% CL 0, 04 813, 7.14 (95% C11.47.20. 80), 5.41 (95% C10.66-19, 3) and O
based on 1, 3, 2, and € ohscrved deaths ia mmdmg quartiles of cumulative exposurc, This
pattert in not particula 1y :;uppurl.lve of & pogitive exposure responsg,

Tahle 2 shows the anajyses by quartile of cumulative exposure for all hematopoictic

7 -
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cancer, with the quartiles chosan In vrder (o approximately distribute the lwmatopmetlc deaths
cqually by yuartile.  There ig no suggestion of 3 trend for all hematopeietic cancers combinad
or any specific category, with the ekeeption of Hodgkin’s disease where inférence is lirmted by
the smalt numher of deaths. Table 3 shows the- same analyscs with a 10 yoar lag, Here is the
hiphest quartile of eunmylative expoaure shows & somcwhat elevated rate ratio for non-It adglkin’s
lymphoma, based on nine dcaths.

Tables 4 and 5 show the data for hem ampuwm cancer by sex, with no lag and with 2 10
year lag. The anly bid‘lbh(. ully significant exeess, at the 0.05 level, is the SMR for males for
non-Hodygkin's lymphoma in the uppenmest exposure quartile with a 10-year Jag (SMIR 2.37,
95% CI1.02-4.67, & deal;hs) Five of the six Hodgkin's discase deaths occurred among males,
and this outcome again shpws a positive cxposurc-response based on very small numisers,

Table 6 shows the data for cumulative exposure and breusl, prustale, and kidney cancer
morality. The quartiles fofr these anulyses used the quartile cutpoints which alloeated breast
cancers equally by quarile. In this analysis there is an indisdtion of exoess risk for breast .
calwer in the uppermost quartile, which ie 2.20 ¢95% (4 1.57-2.98) using a 20-year Jag. There
was little or no suggestionj of pogitive extiosurc—rcSponsé trends for prostate or kidney cancer.

Tables 7 and 8 show the results of internal Cox regression aualyses fir all hematopoietic
cineers combuned and for lympho'id well line turmors, for both sexes combined and for men and
women separately, Tablks 7 indicates that only tmales show 4 positive trends. 'The best fitlug
modcl shows 1 positive trend (p=0, 02) for males _using the log.of cumulative cxposure with a 15
year lag (1he hest firing mc)del) Tha log wransformution tends to give loss influcnce in the
model to very high exposures typical of skewed cxposurc disteibutions, which may improve
model fit. Tt also usuatly implics that rate raﬁas tend to flatten out ur plalean at higher
exposures, rather than t increasing in a Jinear ['ae.luun which is apparent in our own data here for
males. Catogorical a.nalys:ﬂ hy quartile for ma.les indicated that all three upper quartiles were
elevated compared to the tewest cutegory, paraliel to the life table results in Table 4. Categorical
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analyscs sing Qumulativc; exposure with a 15 year lag shows 1 mers monolonicaily imcreasing
trend.

‘ Although not shom models ising duration of exposure, peak expoture, and average
exposure did not predict hfematopoietic cﬁnaer a5 well a5 models using cumulative cxpo'éurc.

Table ¥ shows » pésitive trend for lymphoid tumors {non-Iodgkin’s lymphema,
myatoms, and lymphncyti:c icukcmia)‘with cumulative exposure for hath sexes combitied
(p.08), which was again _i:onsmﬁétcd i.n for males (p=0.06 for cumulative exposure and p=0.02
for log cumelative exposure, 15 year lag, the lutter being the best fitting model). Although not
shown, models Lising duration of ekposure, pesk exposure, and average exposure did not predict
hematopoietic cancer as well as models using cumulative CRpOSTE, '

Additional analyses (not shown) were coxidgwtcd using a mere restricted definitian of
Wymphoid wmars (non-Hodgkin’s lymphoma and lymphaeytic leukemia, n=40, 23 1male and 17
femalo deaths) to conf'nmi: to our catlier suulysis of this cohort’. The coefficient for cumulative
eXposuro with bo tag was 5.6 x 10% (5.6, 2.3 X 104, p=0.04 based on change in ikelihood),
decreasel from 9.0 10 m our earlier follow-up which ended in 19%7, Best-fitting lagged
vaodels were either cumulative exposure with a 5 year lag (cucfficicnt 6.1 x10%, .c. 2.5 x10°,
p=0.04) or log cumuylative exposure with a 15 year fag (6oct"ﬁcicnt 0.11, 5.2 0.05, p=0.04), The
former modc] 1n our carlici' analysis had 2 coelficient ahout twice as large (1.29%10%), The
ctieot was again coucmma_'wd in males (coefficient for cumulative exposure 6.0x10%, g0, 2.3x10°
%, p=0.03). The bl ﬁ‘lting model for males used the log of cumulative exposure with a 15-yoar
lag (coelMicienl 0,169, s.0. 0.066, p-- 0:008).

Additional anatyses (not shown) were conducted for Hédgki.n’s disease, based on only
six deaths. A positive trend {p—0.08} was found for the log of aumulative expusure with a lag of
10 years, for both sexes combingd, This €xXCess also was conventrated in males (5 of 6 deathg).

Additional rcgrcssi::m analyses, oot shown, were restricted to the period following 19%7,

the end of the prior foltownp. Tn these post-1987 analyses there were no significant positive

9
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trends for all hematupuietic cancer (n=41), malc hematopoivtic cancer (n=13), lymphoid sancers
(1=31), or male lymphoid cancers ('11“-10). The analyses restricted to tales did show &
suggestion ol increased hematopoictic cancer, bt unalyges were limited by smali mambers, For
oxatriple, in eategorionl sm‘:alyses there was only Ohe case in the lowegt quartile, making oddg
ratios unstable, (.‘Jollapsmg the xlds ratio for the two 10D quartiles vs fhe two bottom ones wag
146 {0.45-4.78). The cucfficient for male hematopoictic cancer for Jug cumulative eXposurc
with a 15 year lag was 0.1 1{ze 0.12, lp=0.35). ghout the same: yalue as that for the entire
followup period (Tahle 7).f '

Tuhhs 9 giveg the xésu!ts for internal Clax ;;c‘gwséioq analyses for breast can;:ex‘. The best
tixlel using 3 continuays Exposure variable way thgt using the log ofcumulaliwexposure with &
20 year Iag (p=0.01). Cumlative EXposUre itself did not show a strong (rend (p=0.16),
Categorical analysis of lagged daa- (20 yegr lag) showed an incremsed rate in the higheat quartik
(3.13,95% C1 1.42, 6,92, '

Discussing

(hese the largeet oomponenf is the cohort studied here (153.000). Results of these studies ag of
1998 have been reviewed by Teta et 1,17, Generally cancer findings were unremarkable in
‘omparisons of exposed wo:rkers to the general popwlation for most of thege studics, with the
Rotable exception of larpe excesses of hematopoietic cancer (particularly loukenia) in severa]
carly small studies from Sweden. I:Iowew:r, A meta-analysic of all 10 studies did show an
increnss ig non-Hodgkin’s Iymiphorty {1 34, 95% CTO.up ‘1.89), based sy 33 deaths, A
vombined analysis of two stidies with eXposure-response data (the 18,000 workers in the
NIOSH study followed throygh 1987? and 1,908 ckemical production workers'®) showed
-pogitive significant rends fo; leukemnia but was inconsistent for lympheid tmors (NHI plug
Iymphocytic leukermnia), with.:vsij.miﬁcdnt positive trends in the NIOSH cohort and nepative trends

o
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(based on small numbers) among the chemical workers!”,

We have now upda;tad mortality followup for the large NIOSH cohort of 18,000 workers
oxposed fo cthylene oxidc,: adding 11 more years of follow-up and more than 4:1&‘)w.lblil').,t'f,r the
mimber of deaths Heoatopoistic cancer (particnlarly among males) and hreast cancer amen g
females showed some sssaciation with ethylene oxide exposure. Bone cancer was in excess .
compared 1o the US populition based on only siy deaths, but did nor show an inecreage with
increasing exposure, Theré is sotme sﬁpporting animal evidence in that mice injected sub-
cutaneously developed locjéﬂ sarcomas?, which sharo the mescachymal colf origin of bone
tumors. However, dus ﬂ'h’é: smiall number of hone cancer deaths, and the lack of EXPORIrE-
responsy, oo conclusions um be drawn from this excess. No other cancer site was in excess in
the coliort, '

Reparding hemata;fxcietic cancer, we did not find an overall excces of hematopoietic
cancer or any specific typé of hematopoietic cancer. However, we did find gtatistical ly
signiticant ¢xposurc-response trends for male hcrﬁatopoictic camcet, particularly lymphoid
tumors, These findings ave consistent witls analyses of this vohur, withs aarlier followup®.
Expuosure-response coefSdients were somewhiat smaller than we formd in our earlior analysés
(avalyses restricted to recent years did not show significant positive exposure-response trends).
This suggests that any ET@ damage to the hematopoietic system may be decreasing over time,

1t is not known why we find an assoctation for males and not fmales for hematopoictic
cancot. While malcs on the average did have higher exposure than females becauss they were
aver-represented in high e:;:pmme fubs; (eg., sterilizer uperator), (here was sufficient variation in
ihes expomsure of women o have ohserved an exposure-response if one existed. Animal data do
0ot SUpport 4 sex-specific effect for leukemis,

The increasing trenids in rate ratios for hetﬁatomietjc cancer for males tended to tai] off
or plateau at kigh exposure (a8 is implied by the better model fit usiqg a4 log transformation of

cummulative oxposurc). This phenomenen has been seen in other sccupational carcinogens xuch

11
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as dioxin®, silica®, and diesel fumes®', and has been diécﬁssed in detail in relation to arsenic™.
Possible reasons for this phenomenon include, among dthers: 1) a depletion of susceptibles at
high exposures, 2) the healthy worker survivor effect, 3) misclassification of high exposures, and
4) a saturation of metabolic pathways,

We found no overall excess of breast cancer mortaiity, but we did find a suggestive
positive trend with increasing cmhulative e€xposure, particularly after taking into acconnt a 20
year lag period. Mortality is a Ie#s seﬁsiﬁve endpoint than incidence for breast cancer, We have
also recently completed a study of breast cancer incidence in this cohort, results of which are to
be published separately.

This study had a number of limitatiohs, including the reliance on small numbers to make
inferences about hematopoietic céncers, uncertainties in the retrospective estimation of exposure,
and the use of mortality data rath;er than incidence data for evaluation of cancer risk. On the
other hand, this is by far the largest existing cohort of ETO workers, the 11 year update has
added substantially more deal’hs,.v and retrospective exposﬁre estimation for this study was based
on a large number of observed industrial hygiene samples and a well-validated model to estimate
past exposures. Mortality data for hematopoietic cancer might be expected to give similar
results to incidence data, as these cancers are often fatal. For breast cancer, we are conducting a
separate and paraliel study of cancer incidence.

In conclusion, we found no overall evidence of excess cancer mortality in this cohort,
with the exception of bone cancé:r for which there did not appear to be a positive exposure-
response relationship. In expos;iresregponsc analyses we found evidence of an association
between increased exposure and some types of hetmatopoietic c?mcer, particularly for males, and
particularly for earlier follownp years There is also some positive but not conclusive evidence

in exposure-response analyses for breast cancer mortality.
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Table 1. Mortality in the ETO cohort (re=18,235)

all causes

cotonary heart
disease {41041

4

all cancers (140-208)

stamach (151)

pancreas {157)

Tung (162)
prostate (183)

Kidney (189.0-189.2)
brain (191-192)

bone (170)

breast cancer

all hematopoietic (200-

208)

(174)

non-Hodgkin's

lymphoma (200, 202)

Hodgkin's digease (201)

myelorna (203)

feuketnia (204-208)

observed
deaths
2832

669 -

$60.
2
38
258
37
21
14

103
79

3

29

SMR
(95% CT)
0.90 (0.88-0.93)

0.92 (0.86-0.98)

0.98 (092-1.03)
1,07 (0.74-1.49) |
0.92 {0.69-121)

1.05 (0.95-1.17)
1.29 (0.51-1.78)

1.19.080-1.72)
059 (036-091)
2.82 (1.23-5.56) °
0.99 (0.84-1.17)
1,00 (0.79-1.24)

1,00 (0.72-135)

1.24 {0.53-2.43).

0.92 (0.54-0.87)
0.99 (0.71-1.36)

16

0.87 (0.44-1.52)
1,03 (0.64-161)
1.05 (0.89-1.23)
129 (091-1.78)
1.51(0.85-2.49)
0.52 (0.19-1.13)
3.51 (0.96-8.98)
204 (0.05-11.37)

109 (0.79-1.47)

1.29(0.78-2.01}

1.83 (0.59-4.27)

0.61 (0.17-1.56)
0.7 (0.52-1.63)

RightFAX
male SMR fomale SMR
- (95% CY) (95% C1)
0.94(0.80-099)  086(0.81-091)
104 (0.85-1.04) 087 (0.78-099)
094 (095-1.16)  0.92(0.84-101)

1.34 (0.71-2.29)
0.82 (0.45-1.30)
1.0 (0.86-1.27)
n.a.

0.78 (0.281.28)
0.65 (0.25-7.37)
2.04 {0.25-7.37)
0.99 (0.81-1.20)
0.91 (0.84-125)

0.73 (0.38-1.28)

0.47 (0.05-
1187
1,19 (0.54-2.26)

1.02 (0.57-1.68)

P . 285 6@
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Table 2. SMRs {observed deaths) by cumulative exposure for hematopoietic cancer (ICD 9"
revision 200-208), no lag (n=17.530} ' :

cause 0-1200 1200-3680 3680-13500 13500+
ppm-days  ppmedays < ppmedays o ppr-days
all 0.77(18)  131(20) 1.10(18) 0.94 (18)
hernatopoictic :
NHL 0.76 (7} 134 (8) 085(6) - 1219
Hodgkin's 0(0) 0.99 (1) 2.97(3) 2.20 (2)
Leukemia L15(10) 106 (6) 0.93 (6) 0.43 (3)
Myelotria 026(1)  L89(H  09203) 1.03 (4)

Table 3. SMRs (observed deaths) by cumulative exposure for hematopoietic cancer, 10 year lag
{n=17,530)

cause O(agged  »0-1200 1200-3680 3680-13500 13500+
out) ppme-days pp-days ppin-days ppm-days
all 0.72 (9) 0.88 (18) 1.16 (15} 1.08 (16) 1.04 (16)
bematopoietic f ,
NHL 131(3)  C.7L(6) LI3(6) . 0.66(4) 147 (9)
Hodgkin's 041() 6@ - LIS 3.57 (2) 3.77(2)
Levkemia ~ 040{2)  135(10) 0.85 (4) 133 (7 0.36 (2)
Myeloma 136¢1)  3.65(2) 2.44 (4) 1.03 (3) 092 (3)

17
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Table 4, SMRs (observed deaths); by cumulative exposure for hematopoietic cancer mortality, by

sex, no lag
o 0-1200 1200-3680 3680-13500 . 13500+
e ppm-days  ppm-days ppm-days ppm-days
males : ‘
(n=7645)
all 0.54 (5) 1.16 (8) 1.28 (10} 1.28 {14)
hematopoietic ‘
NHL 0.83(3) 1.14 (3) 134 (4) C197(®)
Hodgkin's 0 (0) 1.89 (1) 3702 328 (2)
Leukemia 057()  076(2 137 (4) 0.49 (2)
Myeloma 0 (0) 1.78(2) 0(0) 052(2)
females
(n=0885)
all 0.92(13)  143(12) | 080(8) ' 0.48 (4)
hematopoietic ‘
NHL 0.72 (4) 149 (5) 0.49 (2) C030(D)
Hodgkin's 0 (0) 0(0) 047 (1) 0(0)
Leukemia 1.54 (8) 132 (4) 0.56(2) 0.35 (1)
Myeloma 0.40 (1) 1.97(3) 1593 . LIT(@

18
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Table 5. SMRs (observed deaths) by cumulative exposure, for hematopoietic cancer mortality,
by sex, 10 vear lag

cause 0 (lagged »0-1200 1200-3680 3680-13500 13500+
out) ppm-days pPpm-days ppm-days ppm-days

males

(n=7645)

all LI5(7) 0.63 (3) 0.87 (5) L10(7) 146 (13)

hematopoietic

NHL 209 (4) 0.61 (2) 0.88 (2) 0.79(2) 237+ 8)

Hodgkin’s .07 (1) a(0) 3.441) 344 (1) 571 (2)

Leukernia 0.41 (1) 1.01 (3} 0.0 (0 1.7 (4) 0.60 (2)

Myeloma 1.56 (1) 0 (0) 1.94(2) 0(©0) 0.54(1)

females

(n=9885)

all 0.31(2) 1.04 13) 1.38 (10) - 1L06(9) 0.46 (3)

hematopoietic

NHL 1.88 (1) 0.78 (4) 1.32 (4) 0.56 (2) 037(1)

Hodgkin’s () 0(0) 0(0) 700 o(0

Leukerma 0(0) 0.57 (" 1.56 (4) 1.02 (3) 4(0)

Myeloma 136 (1) 0.85 (%) 142(2) 1.76 (3} 1.43(2)

*33 % C11.024.67

Table 6. SMRs (observed deaths) by cumulative exposure, for breast cancer, prostate cancer, and
kidney cancer, no lag and 20 year lag




8/5/02 11:57 PAGE 21/25
ACC CHEMSTAR

AUG-@25-28@2 11:21

canse

breast.no lag (famales only)
prostate- no lag
kidney- no lag

breast-20 year lag (females only)
prostate-20 year fag

kidney- 20 year lag

* 95% CT 1.10-3.54

0 (lagged

out)

0.80 (42)
1,08 (8)
0.70 (2)

20

>0-647
ppm-days
1.00 (26)
1.74 (6)

0.88 (3)

1.05 (17)
143 (5)
0.28 (1)

A3 741 6@91

RightFAX
647-2780 . 2780-12322
ppm-days ppm-days
0.85(24) 0.92 (26)
1.47 (8) .77 (5)
0.74 (3) 1.36 (6)
101 (15) 1.15(15)
1.44 (6) 1.75 (8)
1.62 (6) 211 (8)

12322+

ppo-days
1.27 (26)
133 (15)

1.06 (5)

207% (13)
1.00 (7)
0.99 (5)

P.82
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Table 7. Cox regression* results for all hematopoietic cancer mortality

Analysis, exposure model Coefficient, (std Odds ratios by category***
variable likelthood, d.f., em)
p-value*®
Both sexes, 1.62, 1 df, 0.0000033
Cummtlative exposure  p=0.20 (0.0006023)
Males, 2.45,1 df, '0.0000040
Curmulative exposure p=0.12 (0.0000022)
Males, 2.53,34f, na. 1.00, 2.07 (0.67-6.41), 2.02 (0.68-3.98),
Categorical p=0.46 2.06 (0.72.591)
cunmlative
Exposure
Females, 0.87, 1 df, -0.000011
Cumulative exposure,  p=0.34 (0.000014)
Females, 3.78,3 df, n.a. 1.00, 1.51 (0.69-3.34), 0.93 (0.38-2.30),
Categorical p=0.29 0.52 {0.16-1.66)
cumulative
Exposure
Males, 5.29,1 df, 0.119 (0.052)
Log cunmlative p=0.02 '
exposure, 15 year lag
Males, 6.81, d.f=4 na. - 100, 1.23 (0.32-4.73), 2.52 (0.69-9.22),
Categorical p=0.15 . 3.13(0.95-10.37, 3.42 (1.09-10.73)
cummilative
Exposure, 15 year lag

*  Cases and controls matched on age, race {white/nonwhite), date of birth within 5 years , 74 cases (37 mate, 37
female) .

**  model likelthood is difference in -2 log tikelihoods between model with and without covariates; the only
covariate in these models was exposure, so the p-value of the model serves as a test of significance of the exposure
coefficient, and a3 a test of exposure-response trend

e caregories for cummulative exposure are the same as Tables 2-5
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Table 8. Cox regression results for lymphoid cell-line tumors*

Analysis, exposire model Coefficient, (std Odds ratios by category***
varigble likelihood, d.f,  err) :
p-valug**
Both sexes, 3.16,14df, (.0000046 na.
Cunmlative exposure  p=0.08 (0.0000022),
Males, 3.6214f 0.0000050 na.
Cumulative exposure  p=0.06 (0.0000022)
Males, 243,33 4f, n.a. 1.00, 2.45 (0.61-9.92, 1.85 {0.46-7.48),
Categorical p=0.49 2.44 (0.67-8.87)
cumulative
Exposure
0.08, 1 df, -0.0000034 na,
Females, p=0.78 (0.000012)
Cumulative exposure
Females, 2.81,3 df, na. 1.00, 2.05 (0.76-5.56), 1.25 (0.40-3.76),
Categorical , p=0.42 0.87 (0.24-3.10)
Cumulative exposure
Males, log 5.39, 14f, 0.138 (0.061) na.
Cumnlative exposure, p=02
15 year lag ,
6.62, 4 df, na. 1.00, 0.90 (0.16-5.24}, 2.89 (0.65-12.86)
Males, p=0.13 - 2,74(0.65-11.55), 3.76 {1.03-13.64)
Categorical
cummlative

Exposure, 15 year lag

* Lympheid cell line tumers include NHL, myeloma, and lymphocytic leukemia (ICD 9* revision codes 200, 202,
203, 204 (53 cases, 27 male, 26 fomale). Cox regression, cases and controls matehed on age, race (white/nonwhite),
date of birth within 5 yaars

** model likelihood is difference in -2 log likelihoods between model with and without covariates; the only
covariate in these models was exposure, so the :p-value of the model scrves as a test of significance of the exposure
coefficient, and as a test of exposure-response trend

*** categories for curanlative exposure ave the same as Tabies 2-5

22




8/5/02 11:57 PAGE 24/25 RightFAX
AUG-85-2002 11:21 ACC CHEMSTAR B3 741 6031 P.B5

Table 9. Cox regression results for breast cancer mortality*

model Coefficient, (std Odds ratios by catégory***
Analysis, exposure likelihood, d.f, ex)
variable p-value**
Cummnlative exposure 088, 1 df, 0.0000049 na.
1=0.34 (0.0000048,
Log cumulative 5.69, 1df, 0.084 (0.035), na.
exposure, =01
20 yeur lag
Categorical 8.69, 4 df, na. 1.00, 176 (0.91-3.43), 1.77 (0.88-3.56),
cumulative p=0.07 1.97 (0.94-4.06), 3.13 (1.42-6.92)
Exposure lagged 20
years (quartiles)

* There were 103 cases of breast cancer (ICD 9* 174, 175). In Cox regression, cases and controls were matched on
age, race (white/nonwhite), and date of birth within § years

** model Likelihood is difference in -2 log likelihoods between model with and without covariates; the only
covariate in these models was exposure, g6 the p-value of the model serves as a test of significance of the exposure
cocfficient, and as a test of exposure-response trend,

*** categories for cumulative exposure are the same as Table &
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